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(54) [389J£>£#a 

(57) imm 

It&M] CMOS hy^iy^^\c^^x. 7*hVy? 
7:7^XS£i£#Di^f\ NMOS h7y^^l^{t§ 
i£^^/l^J|l:£l£lt U PMO S h7 >i/*?(Dm 

ft & Kit -r s *W£§e z mm-t z>^t*umtirz>o 

*AH§J^7, 8M f V-VKW yl«cl4, 15^ 
tf5NMOSSt>'PMOS h7>^**#ffM£*K 
NMOSMPMOS h^>'v ? ^^(D^--Y^yU®iS 7, 



37 CMOSI-5>y** 

s 



13 12 




t 



MOS h7y^^t PMOS b7>isX*&]&J&£tl 

mJfENMO S ^l/PMO S h^^v^^^^^-y^^i^^ 

^IfiHL-C^«9, rt>o, SiJiEPMOS h^v?**^ 
-^/M^lc, mrlE p SJKSS^^i^o p SPFfcfi^ 10 
SS£r±[el 5 &<D n S?^^^#?£-r S ^ t £ W&L t ir 

tlt^^2] NMOS h7y^^(Dy-^/KW 

y^i: p ^7 ^/^t<Dm^ ^t^m^cRXfP mo s h7 

[IS*^3] (a) ^SS±<7)NMOS^^PM 

OSh7y^^Mffifc p *^A-&tfn 

(b) ffjfENMOS&l/PMOS b7>"Sx? : !&J&ffi%i 

thWMtSIfi, (c) fftiS¥*#£ffi£ffi«-Jffi 

^si^fTor. fluey- hmffiKT^^^^^^tcgg 

[»jftjS4j is (c) "cco^^^aAtnis^saA 30 
^fttt^^^^^asHrtir^sitfc^, y— * 

[§S#*S5] Xl£ (a) ^>nl>3iyH»J«OiM(fXf4it 
&lc, p£ffi«d^M4feffittfc9IA 
* ix 3 p «r±E 5lOn ai^Fttft Sr* A-T 

[000 1] 40 
[0 0 0 2] 

l^-^Sfi±l:NMOS h7^^^i:PMO 
S h^:^**<b£i!g®LfcCMOS Y7>*JX9KX. 

[0003] La>u ifi¥^CMosh7y^^^ 
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«mc nmos hy ^i?x?\c&\,^xttis mio<D&% 

Tfci^o^Sr^^^yufilttlcafA-rSwfc^J: 0, ^ 

[0004] i§«\ nmo sh7 * &&j$L1rz>m 

K u-f v^^/£<Dfc#>{^ lxio 14 — lxio 
[0 0 0 5] LrfnU LDDfgi^y — KU" f V® 

[0 0 0 6] Lfc^oT, NMOS h7V^^i^^ 

(C. S. Rafferty et al . "Explanation of Rev 
erse Short Channel Effectby Defect Gradients" » I 
E DM 93, p311-314, 0 
[0 0 0 7] rcOiJ^NMOS h7>v/^^[C^tt^ 

[0 0 0 8] ^~T\ i£ffi^^-*^S!i*Sr»*JbfcCM 
OSh7^^«)Kft*ft^ #J;itf, 
8 0 4 7 ^a&tfWWW 8- 7 8 6 8 2 *W2tfM* fclift 

[0 0 0 9] m^^*fttCj:tL^, 114 (C^ L7t J; 
9f-, NMOSSt/PMOS h7y^^M®«2 
7. 2 8tC*5^T, y-VKWyS«3 1, 32« 

otzm^. NMOS h7>^^M®*2 7lCfcl> 
T> y- hm^3 3SrKii"t-5aA3i^^*"-^i ^ , 
#DWty^f^^vi«l:»At5 (12114^, 2 
9#K) o mtcj:^, y-VKK>^3i, 3 

[0 0 10] L7!i^L, Z<D& ot£3-^*J\Sm&^<Dtfx2 
>"( *^<D&.A£. NMOSMPMOSh7y^^ 



(3) 
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^I%2 7 % 2 8C03X;£K*tLTfT? PMOSh 

Hit, pmos h^>-^**<^M®JEa s <6TU $ 

K u-f 3 2 TK*ffc rfcift 

[0 0 1 l ] r<Di 5 4B«*rSa-t-*fc*^, Ell 5 

ItZTfkLtzX 0 tC N PMOS h7y^^M«2 8^ 

h-^^^ 3 OlCj; 9$SLfcf&, NMOSh7> 10 

>-^aA-T5 (EU5*K 2 9#BH) PMO 

s h5v^^Mffl«2 8 itta-r^fe*^*- h y 

[0012] ^MttiiaauB^tt^sixfcfc^-cfc 
or, CMOSh7^^(^^*c, 7^-hyy^7 

iSi£fifc*BSJhLT, NMOS hy^i/^fn&m.:?-^* 
A'SfcASrJJWMU P^CPMOS h7 VS^^ORBfiES: 
0ffS^fli^f6U»"*"S t WEEO^bS: 20 

KitLT, PMOS h9^^^«Ptt*iBiE^iK«F-rs 

[0013] 

y-^/ K W tt5 NMO S VJ^i/^Zb 

PMOS h7^^^^ricStLT«fiKSixSCMOS 
h7y^n'i)oT, mIfSNMOSST>*PMOS by 30 

OpfflS5»S5p*Bft««3&SEllbr*5 9, *>>o, SfjfEP 
MOS h7V^^(Dft^«l:, ffiSE p SBifiS 

#aE-t-s**ffiigii^»«**t*. 
[0014] *fc, *»w»cj:ixtf, (a) *mt$mm 

iX-ett^fiK-TSXa, (b) ftfrf5NMOS&tf PMOS 
K W y««ttixW^t5I8, (c) fflr 

iE***ai«±ffiic«riBy- h«a*jt«LTpSWFi« 

[0 0 15] 



OS h7V^^t PMOS h9V^#* s *ix**tJE5 
fi!c*tltM*^CMOS h7>^^t*fe5o 
[0 0 16] *«5^^^it(^ffl$tl5«M 
v'y^v, yy^=^A*05c»*aW»:**, G 

a As, I n G a A s «©<k*»****A»f>45S 
«, S O I ItRXIi#l S O I Sfi«©a>«r (OSSSrffl 

S/#«o**(*:*^EItt ; BBUS ; LOCOSg, h 

U'V^iR^^fBIIR, ST I (Shallow Trench I sol at io 

1&!&£tiX^Xh 
[0017] p V zcjXob n *?^/lstte, 'J>t£< HlO 

[0 0 18] p S^/i^ n V *L/l't<n±l l Zi$ s ^rtl^tl 
NMOS by>i?X? t PMO S h7V^^«$ 

ixrv^o m<b^h7>^^(l h*6»lR, y 
/FWyS^lt ii^CMOS h^v^^K/H^fe 

*L3J:5&NMOS h7y^^^PMOS h7>^ 
J&ZtlX^ZZkTbm^X&Q, Rfftt7 0-5 0 0 n 

asa*, CTx.fi, 1 0 18 - 1 0 20 c m- 3 ss^^tf &n 
5 0 ^— bnMowma*. mastic x vim k 

/u*^— iras^£$*iT^TfcJ;i\, y— 

^/KWvW, ^*/i^«{MK:LDDig««:fit 

X.T^Tt> «fcV\, 
[0 0 19] f NMOSMPMOS 

^««J:9t>ffi«**cpS!^«»3fls^*Sixfc««, o 
4 9 pS!S5»ff^«ft««* s , — £^JSiS*rP]^BSr# 

[0 0 2 0] P SK«ft7M4feffi«». '&&ob-tZ>C 

MOS^tt, *M XmiZ&'Q&teZtK 'PK<th2 

0 n mSfi^BTf t ^/ufi«CEB Ltv^S I 4: 
4Lt\ f:/:U pffl«»«5p#e»««^W**|fiJ<0± 



5 

fa<D±m*. 5 0-1 0 0 nmSS^iatfea o P Wi 

oxm^mm-tz^tfrxz, io ,7 -io» 

**#*B83£K<fc£<^ b-^-^f)Mi]ARpcoo. 

6 7 Sf^^llP^l^^^XDS 0%^#:^E-r^^ £ <t 
AR pf^M^^^A^^^^r— ^t-J:oT^tb 
t^(DT\ #JxJi, ^aVC^> 40keVO^AR 
p = 4 0 n m s 5 4 n mT'fc 9 , 7 0 k e VO £ # 

ARp = 60nm N *Mte 8 1 nmX*foZ> 0 
[00 2 1] PMOSh7^^ft^S 
i^C&^Tte, pSffi»ff^Jffi«lffi«tf s , NMOS h7 

(CJ: 0teS^^c^<7)^fti: LT, 10 17 -10 18 cm 
-3 a*^^tf btv^ 0 

[0022] *tz, pm^mm^vo^mm*, nmos 

£;ixTV^#^K:te, LDDi«rt(7)- gp^XfiLDD 30 

[0 0 2 3] *^P^<D^^ecoa!i3g*'ffi(C*5V^T 
f*, $i\ Ig (a) Mfc^T, *iM8i±^NMO 
SMPMOSh7V^^MWC> P^^^St/ 

h ^ p SDU* n ^(D^fm^^^tl^tl^ * 40 

[0 0 2 4] fc*5, tCPMOS h^v^^fifciB* 

5t^nS^«ftS:*ALT^< ri^u^ ^ so 
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»»*«»cj:9ai:>i«E-rsr4:dS'c#, Htm 

l-5xlO l3 cm- 2 gSOK-X, 120 
[0 0 2 5] Sfc, LDDWt»*tSi^l:il ^ 

-Miwuct, ig (b) <om\Zs v-bnm 
A-f -sr tt-j: 19, LDDffl«eau -tco«. 

»rt^*yftAit ^y^tf, at*-f 5-2 o k 

e vafl^JDiS^*/^— * 1 X 1 0 14 — 1 0 15 c m- 2 
*yU3r— , 1 X 1 0 14 — 1 0 15 c m- 2 iffi^o K— X-CtT 
[0 0 2 6] #CV^T% Ig (b) i£*3V>T, NMOSS 

r/PMOSh7^^«SW:, 

ItnS^pIffiftHtyftAU 8&#US*:fTo 
>f ^-^aAo*ft=tt*^PS5tSix5 t)©ttti< , 0»Jx. 

li, 8tSi>r 3 0-5 0 ke VUSt<r>MM^^ 

— , 5 X 1 0 14 — 5 X 1 0 15 c m- 2 mfe<D K-^Xf4B 
F2 + ^ 1 0-5 0 k e Vgg(7)M^/^-, 5X1 
0 14 - 5 X 1 0 15 c m" 2 m&<D b*—X&mfbtlZ>o *& 

^— /Mc J; 19, 1000-110 Ot&a^MffffiSH, 

5-2 o»raaftas^ff&*L5o 

[0 0 2 7] IS (c) k*5v*t* 

- h iisria 1 1 p a^ttttt^ t yaA mmm 
m&-7£<Dftft<Dpmmmm*w®m%z&. *<d-ux 

tySA^iiAt-^f >f— vmM<DT*ifrti>h 

5 0 - 9 0 k e VSg^Dii^^^^r~> 1X1 
0 » 2 - 1 0 13 c m- 2 gg(7) K— X-C-f tyttAt 5 ^ t 
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0 0 - 3 0 0 n miSl:fi£t5 : t 5 0 */c, 

J: j 4>f tyttAStflRJQfiSrlf 5 w 1 1: i 0 , 

[0 0 2 8] *«Mo*8K4c|g«<o«JS*ft-CI4, ±15 
-S^XS^^, £ fete, BmfettR*>JgJ& 

[0 0 2 9] »Tfc*»W©*#flcJS«atf*^«it* 

[0030] w^iafiojBffi^^tts^WfrasB-efca 

CMOS h^>-^^^3 7f4, 121 1 tC^LfcJ: $ 
NMOS h7^^^ 2 £ PMOS h^Vv^^ 
[0 0 3 1 ] NMO Sh7 > v 5 * * 2 14, ^S^E 

try- h@ffii o*s«fi8**tr*3 0, y-htiio 

*^—»M SfllCTfctt, LDDWl l^$nt« 

•9, LDD««1 iic»»LTy-VKKyS«i 

Sfrftfc: — (Wxli, 8 0nragt) £*TU 10 
17 _ x o 18 c m -3 g£<£>sKu W ^^Sr^tf^rJRCD p £! 

[0 0 3 2] B2fcl»LfcJ: 9^, pSi^M^ 

»£>®* 1 6 14, 7 tCffiS LT 

[0 0 3 3] NMOS h7V^^ 2 OlUfSSJE 

*4, p9n«ft7ffi«ffi«i 6<a*j^«S£gsg-r5 

[0034] PMosh7y^^3ii v^y^>-s® 

4^®fC^#£*L*:n £:n/U6±l;i, NMOS h7>^ 

**2ira«i^ y-M6«W9, y-hisio, 

1 3tf*7g/3c$*LT*5!9, 
gl48l:»8Lt, LDDf«12, y-VKKV 

14, NMOSh7^^2tB«l:, p5!Bi»fltf;*E 

[0 0 3 5] PMOS h7>^^ 3 0ft^ 

mm 8 atst^ t^io i7 -io i8 c m-3 mm<n& 



PMOS h^y^^S^y^^yu-Iffi^ftS: 

[0036] zn&ite^mttmm*. aT^^sia 

[0 0 3 7] *i\ El 3 (a) \Z.7jkl,tl£ 9 tC, pi*> 

y 3yS«4l:*^«ftll«i Sr»*L, NMO S h 

10 ^v^^Jg/Sfattl 7 t PMOS h7V^^M?S 

AftllBirLTv'y^yKftlSl 9£?fM-f5o 

[0 0 3 8] ^<£>&, I2J3 (b) [C^LfcJ: 9^, PM 
O S h7>^^»J*fi«l 8 h-^^ 
^2 0Ml, NMOS h7^^MSStl 7C 
pl^«*t It^pWty^ttAltp «>^yU5Sr 

[0 0 3 9] [214 (c) {C^LfcJ: 5 id, PM 

OS b?>'^x*&&m*$i 8 ten STOW* i Ityy 

20 -Y ^y^rSA Itn!) ^yu 6 SrJKj5Ki"S D 

[0 04 0] zkv^-e, StSt^ 1 0 13 c m- 2 

[0041] a^r, >-y 3 yiftK i 9^->oi^ 

s^v^Lfclg, 134 (d) I^LtJ:5i:, ^y^v 

g«4±®teg£J¥3. 4nragg(7)y-hM9M 
fRV 1 5 0 n mgS^)^ ]) > y = >K 2 2 teffiSLlTZo 
[0 0 4 2] &^T% [215 (e) tC* Lfc «t 9 te, 

hm® i o Sr^-rso 

30 [0 0 4 3] ^09^, HI 5 (f) te^L£:J;9te, PM 
OS h9>^;*#«J*«*l 8 SrttHi- S i/'^ h-^^ 
^2 3«U NMOSh7^W««17C 
nSffii^LTUt^ty^, 1 0 k e V^lDlx* 
5 X 1 0" c m- 2 t^Alt, LDDlill 

Srvy 3>a«4*ffi^?Kfijci-So 

[0044] ftv^r, 1216 (g) ^^L/cJ: 9 NM 
OS h7>^^MS«l 7 SrffiS-TS L^^^ h"^^ 
^2 4^MU PMOSh7V^^M«18[: 
pS^ft^UBFz^, 1 0 k e VCOAPigzn^/u^ 
40 —,1. 2X10 M cm- z t^ALT, LDDfil2 

[0 0 4 5] #:^T\ ^y3ygS44Ii:v'!l3yI 
{kKSrJB^L, xyf/<^t 5 wife J: 9, [216 
(h) (otL/cJ; y-UffilOWfflSlct^K 

[0 0 4 6] ^rtf)^ 1217 (i) ^^UfcJ:9«c, PM 
OS h7>^^MS8l 8&Wim'tZi'isx 
*2 5&]&j$ t V^ NMOSh7^«S«17C 
nS^Fj^fei: LTStig^^-^Sr, 5 0 k e V<D»Difr^* 
so , 3xi0 l5 cm- 2 C0K-XtttAtt, V-^ 
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[0 0 4 7] |^«^, HJ 7 (j) {cm b/c J: ? l:, NM 

os b^^itxfMj&mtiii 7 &&m-rz>uisx 

^2 6 WU PMOSh7^^MS«18C 
pS»HTBF2 + ?:, 3 0 k e V(D*DiS^^/U^r 
— , 2X10 15 cm- 2 tttAlt, y-VKK>fi 

[0 0 4 8] ^fC N #J;itf 1 0 5 Ottl 0#fflO7^ 

[0 0 4 9] ggv^r. 128 (k) (C^UfcJ: tfn 
W^^&r, 7 0 k e V&WM*-*^*?— . 10 12 -1 
0 13 c m' 2 SSW K-Xt, y- htt«*Kii$*T^ 

y =3 4 ±mm^ t^aA u p §JiSs»fl^*fc«3 
ffi*sici4, i5TO-f^yaAwt: o -^i^i y— * 

/KWy««l4, 1 5i£~Rc< SJ: SKK^-t-So 
[0 0 5 0] ^CD&, ±IEi:ra«fc. WftSteffcT^- 

^(Dcbt, i|Ell^MtMtelitTi:«iaiT^ 
[0 0 5 1 ] ±ISo J: 9 

LfcCMO S h7y^^^l:^ltSNMOS h7V^ 
[0052] ^/c, rcOJ: ?#NMOS h7>^^W 

BgfaSffi^ibg (iS^**/^*^^) £[2i0fc 40 
^-f 0 :^±94:nmos h ^vs^^tc^o^Tte, it 

[0053] t$b\c. ±m<oxo^m»mm:<Dmm^ 

StMLfcCMOS h7^^i:fcl«PMOS h 
Sr. Hi l l-^-f o 4*3, Hf^yf^/u-iEi 

12, h®/E#0V (Vgs=Vbs=Vs=0V) 



10 

HE-CjeHSftS. wOj|J6«-CI4, ®jS®EtLTl. 

[0 0 5 4] (2i 1 iz:j:*u£« rcoj: ^4pmo sh7 

[0055] £/c, ^<7)J: 9^PMOS h7>^^(D 

- r -COSIER T^«JE«#ttttt. S«SJBE££glb 
S-frfct £ ^Sffi^MfiiSJEO^BftST^^ti, Vd 

s = 0. 05V, Vs = 0V, V b s ^r^ih^-ttrGm 
Max V g - I d *j»(Og!j»<O^M¥T-Hfil«£ES:R 

[0 0 5 6] 12 1 2K«fc*Ui. 9&PMOS h7 

[0 0 5 7] ±m<0 X 0 *¥*fM£«^«£*ft^ffrdc 
lf:CMO S h7V^^(:jo{t^NMOSR(;PMO 
S h7 VS?**Ki3*tS»&^>f KflrttSr* 1213 

ibf^mH (1. 8v) vtf<Dm,wtm (antit) co±ps 

[0 0 5 8] 12 1 3K«fc*Ui* ^"fttco h7y^^lc 
PMOS h7>^^i^-7^^t5r^4<NMO 

s h7^^^(Z)Httffliffl^pw^y^ y— h 

6C<l:{cJ:»9. PMOS h7^^*-eiaiEft«Fi4S:# 
[0 0 5 9] 

l$£W<D$h$k] *58^i:<tnil NMOSWPMOS 

h7y^^oft*/«i:, iS**rn)o(ids— 

I5PMOS h7>^^oft^SW:, iltJ!2pSiii 
»S**&fe1g*£<Z> p S^jffiJfcjftffi SrJbls] 5 n S!**fi 
m*ft&irZ>1tib* 7*hyy^7 7^l8S:ft'M8i: 

PMOS h^y^^cfcv^tii 
[0060] *fc. nmos h^y^^oy-V K 

^y««i p •? x /u <!: i^t; PMOS 

-tzmsizn, #i:PMOSh7>^^i:*3^ty- 

[0 0 6 1] *38^«c±ixtf. y-VK^ 



11 

nmos h7^i?x?{z*$rtz>mM&mc&z 

a^WJh-f 5r i:*sr#So iot, ffi^;* hoffl® 

* o <&i«i±«r*a-r ^ r <t ^t-t s 0 
[oo6 2] «h-, is (c) ro^v&Aui&tts 10 

K W * x/ui GQig^iSTlcftS J: 5 K 

K3£-f"5»-&U:tt:, PMOS h7V^^{:^v^lr/c 

[0 0 6 3] tilt, 16 (a) <7>n *> */\'J&J&<D\g.tf!JL 

r<b^r#, PMO S K9^**0>Blte«ffi4r*Afc 
[0 1 ] *«WO**»3SB^SSB5^«li»»rffiBirfc 

[H] 2 ] *«w^sij<o^*»s«cos«^«ii»»ffiiar 

[13] *»Wo*»#SSIlwJBift^feSrlftW-*-6fc» 
^BSB^«EBSWrffiXSBirfcSp 30 

<os$p(7>«tB&»rBx®iar*>5o 
(0B»<D«ii»»fiBxaiar*>5. 
ossBJ^tRinswrffixaiarfcSo 

[B7] **W^**#iS«^«JS**Sr»M"*-Sfc» 
<75iffflo«li»»rExaB|-e*>5. 
[B8] *»MO^*#aS«o«i6*ftS:RMi-5fc«> 

oK»<D«l»«ffixeH-CfcS 0 
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[[29] *^^(fiH-^(^NMOS h^^v 5 
[El 0] *?6^W¥»ftSil-*5lt5NMO S h7> 

[I211] *IK^f$Mt:^itS PMO S 

Eirfc£ 0 

[IU1 2] #$g^<7)¥*#^BK:fctt£PMOS 

larfc^p 

[Ell 3] **M<^*i»ff3fiB{-*5JtaNMOS&t/P 
MOS b7 % si?x?<D&'&jr'(X— K#tt$:/TtiT*fo 

So 

[Ell 4] t£3fc<DCMOS h^^^^^oSSifi^feSrlft 
^-TSfc&OCMO S h^^v^^^^fiEPftWrffiiarfc 

So 

[Ell 5] fi£*CDCMOS h^^v^^^^^^c^r^-t-^ 

1 ^^*^«l^s^ 

2 NMOS h7>^^ 

3 PMOS h^v^^ 

4 > y =2 

5 p 

6 n^/U 

7, 8 ^-y^MHME 

9 hfeira 

10 hms 

11,12 LDD®« 

13 i^-T K** — /u*^— tf- 

14, 15 y— VK^v«« 

1 6 p SiSSS^iKI^ME 

1 7 NMO S h7 * : f&f$LW$L 

1 8 PMOS F5^^fS«« 

19 v- y ^ >mw& 

2 0, 2 1, 2 3, 2 4, 2 5, 2 6 Isi/X b^*^ 

22 y > y 3 

3 7 CMOS h7>^^ 
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[Hi] 

37 CMOSh^i/** 



2 NMOS^l/v** 3. PM0SK?>vAS 




im2] 

\ 



2 NM0SM7>v** 3. PMOSh^VvX^ 




[Ell 4] 

\ \ 

33 33 
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(b) 



1 



?t<a>(B + ) 



1 



9 

i 



18. PM0Sh^^X^J^/Xfa« 

V 

?° 



: ■ « " 



\ 

5 
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[124 ] 



(c) 



21 



18 PMosi^>-:;x$iB/ifcttta 





\-J 1 1 


\ 

I 


F S If 

8 

\ 


\ \ \ 




\ 

6 



(d) 



17 NMOSh^/^XSfeffcffii* 




18 PMOSh^>vX$fl*fiSt«i* 

s, 
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[05] 



(e) 



IT 



17 NMOS^V^SfcJfcffi* 



1 





8 



(0 



12 NMOSh^>i>X5»JUfi!t«« 



V8 PMOShv>v^^»/«aia 

23 




[0 8 1 



(k) 



V7 NMOSK7>v**ff*flitti* 
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(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a semiconductor device that prevents 
the reverse short channel effect of an NMOS transistor without requiring any 
additional photolithography process, controls the threshold of a PMOS transistor 
to a desired value and, at the same time, prevents the deterioration of the punch- 
through withstand voltage of the PMOS transistor in a CMOS transistor. 
SOLUTION: In this semiconductor device, NMOS and PMOS transistors having 
gate insulating films 9, gate electrodes 10, channel regions 7 and 8, and source 
and drains regions 14 and 15 are respectively formed on p-type and n-type wells 
5 and 6 formed on the surface of a semiconductor substrate 4. Then strip p-type 
high-concentration impurity regions 16 having fixed widths in their depth 
directions are respectively arranged in the channel regions 7 and 8 of the 
transistors. In addition, an n-type impurity exists in the channel region 8 of the 
PMOS transistor at a concentration higher than that of a p-type impurity in the 
impurity region 16. 
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CLAIMS 



[Claim(s)] 

[Claim 1] On p well and n well which were formed in the semi-conductor 
substrate front face, respectively It is the CMOS transistor which the NMOS 
transistor and PMOS transistor which have gate dielectric film, a gate electrode, 
a channel field, and the source / drain field form and consist of. To the channel 
field of said NMOS and a PMOS transistor, band-like p mold high concentration 
impurity range where the width of face of the depth direction is fixed arranges. 
And the semiconductor device characterized by n mold impurity of the amount 
exceeding p mold high impurity concentration of said p mold high concentration 



impurity range existing in the channel field of said PMOS transistor. 

[Claim 2] The semiconductor device according to claim 1 with which it comes to 

arrange p mold high concentration impurity range to a field including the 

boundary of a field including the boundary of the source / drain field of an NMOS 

transistor, and p well and the source / drain field of a PMOS transistor, and n well, 

respectively. 

[Claim 3] (a) To NMOS on a semi-conductor substrate, and a PMOS transistor 
formation field The process which forms p well and n well, gate dielectric film, 
and a gate electrode, respectively, (b) The ion implantation of n mold or the p 
mold impurity is carried out to said NMOS and a PMOS transistor formation field 
by using this gate electrode as a mask. Penetrate said gate electrode all over the 
process which heat-treats and forms the source / drain field, respectively, and the 
(c) aforementioned semi-conductor substrate, and the ion implantation of the p 
mold impurity is carried out. The manufacture approach of the semiconductor 
device characterized by heat-treating and including the process formed in the 
channel field directly under said gate electrode so that the part or all may arrange 
band-like p mold high concentration impurity range where the width of face of the 
depth direction is fixed. 

[Claim 4] The approach according to claim 3 of setting up so that the 
impregnation peak depth in the ion implantation in a process (c) may consist of a 
lower half of a gate electrode directly under [ boundary ] the source / drain field, 
and a well when it comes to [ both ] within the limits in the upper half of the depth 
of the source / drain field. 

[Claim 5] The direct front stirrup of n well formation of a process (a) is the 
approach according to claim 3 or 4 of introducing into a semi-conductor substrate 
front face n mold impurity of the amount exceeding p mold high impurity 
concentration introduced into p mold high concentration impurity range 
immediately after. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the semiconductor device by 
which threshold voltage was controlled by the detail good, and its manufacture 
approach more about a semiconductor device and its process approach. 
[0002] 

[Description of the Prior Art] From the former, the CMOS transistor which loaded 
together the NMOS transistor and the PMOS transistor on the same semi- 
conductor substrate has realized LSI excellent in low-power nature. 
[0003] However, the short channel effect to which threshold voltage falls poses a 
problem as the gate length of the transistor which constitutes a CMOS transistor 
becomes short by detailed-izing of a CMOS transistor in recent years, and high 
integration. Moreover, especially, it poses a problem that the reverse short 
channel effect that threshold voltage once rises occurs as with a circle [ of 
drawing 10 / white ] showed the NMOS transistor and channel length becomes 
short by introducing into a channel field the boron which is p mold impurity by the 
channel doping method. 

[0004] Usually, in forming an NMOS transistor, in order to adjust threshold 
voltage to a channel field beforehand, boron ion is introduced as a p mold 



impurity, and after that, a gate electrode etc. is formed, and it heat-treats in order 
to carry out the ion implantation of the about [ 1x1014 to 1x1 01 5cm - ] two n mold 
impurity to a semi-conductor substrate and to activate an impurity further after 
that for a LDD field, or the source / drain field formation. 
[0005] However, the remarkable diffusion which the boron ion which exists in a 
channel field when the crystal structure of a semi-conductor substrate was 
destroyed by the ion implantation for formation of a LDD field, the source / drain 
field, a lot of point defects were generated, such a point defect existed and it 
heat-treats makes a point defect and a pair, and is called the so-called enhanced 
diffusion takes place, and boron concentration becomes extremely high at the 
both ends of a channel field (pile up of boron ion). 

[0006] Therefore, in an NMOS transistor, the boron concentration of a channel 
field tends to become high, and threshold voltage rises rapidly rather than the 
designed value, so that channel length is short (C.S.Rafferty et al."Explanation of 
Reverse Short Channel Effectby Defect Gradients", IEDM93, p31 1-314, 
reference). 

[0007] If the reverse short channel effect in such an NMOS transistor becomes 
remarkable, by slight gate length's fluctuation, threshold voltage will be changed 
sharply and the controllability of threshold voltage will worsen. 
[0008] Then, the process approach of the CMOS transistor which controlled the 
reverse short channel effect is proposed by JP, 8-1 8047, A, JP,8-78682,A, etc. 
[0009] According to these approaches, as shown in drawing 14 , after performing 
the ion implantation and activation annealing of an impurity for the source / drain 
field 31, and 32 formation in NMOS and the PMOS transistor formation fields 27 
and 28, in the NMOS transistor formation field 27, boron ion is introduced into a 
channel field with the impregnation energy which penetrates the gate electrode 
33 (29 reference among drawing 14 ). The point defect produced at the time of 
the ion implantation for the source / drain field 31, and 32 formation can be 
reduced by this, and enhanced diffusion is prevented. 
[0010] However, if impregnation of the boron ion to such a channel field is 



performed to the both sides of NMOS and the PMOS transistor formation fields 
27 and 28, it originates in the boron ion poured into the PMOS transistor 
formation field 28, and the threshold voltage of a PMOS transistor falls, not only 
punch-through pressure-proofing also falls further, but new junction will be 
formed in the bottom of the source / drain field 32, and the problem of it 
becoming impossible to keep substrate potential proper will arise. 
[0011] In pouring boron ion only into the channel field of the NMOS transistor 
formation field 27 after covering the PMOS transistor formation field 28 with the 
resist mask 30 as shown in drawing 15 in order to avoid such a problem (29 
reference among drawing 15 ), the problem that the photolithography process for 
covering the PMOS transistor formation field 28 increases arises. 
[0012] This invention is made in view of the above-mentioned technical problem, 
without adding a photolithography process in a CMOS transistor, the enhanced 
diffusion of boron ion is prevented further, the reverse short channel effect of an 
NMOS transistor is controlled, while controlling the threshold of a PMOS 
transistor to a desired value simultaneously, degradation of punch-through 
pressure-proofing is prevented, and it aims at offering the semiconductor device 
which can maintain PMOS transistor characteristics proper, and its manufacture 
approach. 
[0013] 

[Means for Solving the Problem] According to this invention, on p well and n well 
which were formed in the semi-conductor substrate front face It is the CMOS 
transistor which the NMOS transistor and PMOS transistor which have gate 
dielectric film, a gate electrode, a channel field, and the source / drain field form 
and consist of, respectively. To the channel field of said NMOS and a PMOS 
transistor, band-like p mold high concentration impurity range where the width of 
face of the depth direction is fixed arranges. And the semiconductor device with 
which n mold impurity of the amount exceeding p mold high impurity 
concentration of said p mold high concentration impurity range exists in the 
channel field of said PMOS transistor is offered. 



[0014] According to this invention, moreover, to NMOS on (a) semi-conductor 
substrate, and a PMOS transistor formation field The process which forms p well 
and n well, gate dielectric film, and a gate electrode, respectively, (b) The ion 
implantation of n mold or the p mold impurity is carried out to said NMOS and a 
PMOS transistor formation field by using this gate electrode as a mask. 
Penetrate said gate electrode all over the process which heat-treats and forms 
the source / drain field, respectively, and the (c) aforementioned semi-conductor 
substrate, and the ion implantation of the p mold impurity is carried out. It heat- 
treats and the manufacture approach of a semiconductor device including the 
process formed in the channel field directly under said gate electrode so that the 
part or all may arrange band-like p mold high concentration impurity range where 
the width of face of the depth direction is fixed is offered. 
[0015] 

[Embodiment of the Invention] The semiconductor device of this invention is a 
CMOS transistor which an NMOS transistor and a PMOS transistor are formed, 
respectively on p well and n well which were formed in the semi-conductor 
substrate front face, and is constituted. 

[0016] Various substrates, such as a substrate which consists of compound 
semiconductors, such as element semiconductor substrates, such as silicon and 
germanium, GaAs, and InGaAs, etc., a SOI substrate, or a multilayer SOI 
substrate, can be used for the semi-conductor substrate used for the 
semiconductor device of this invention. A silicon substrate is desirable especially. 
Moreover, component isolation region; insulator layers, such as semiconductor 
devices, such as a transistor and a capacitor, the circuit; wiring layer;LOCOS film 
and a trench component demarcation membrane, and STI (Shallow Trench 
Isolation) film, etc. may be combined, and the semi-conductor substrate may be 
formed in the front face. 

[0017] p well and every at least one n well are formed in the semi-conductor 
substrate front face, its ** is good, and although especially the high impurity 
concentration of these wells is not limited, it is about [ 101 7-1 01 8cm - ] three, for 



example. 

[0018] On p well and n well, the NMOS transistor and the PMOS transistor are 
formed, respectively. These transistors have gate dielectric film, the gate 
electrode, the channel field, and the source / drain field. If gate dielectric film here, 
a gate electrode, the source / drain field can constitute an NMOS transistor and a 
PMOS transistor which are usually used for a CMOS transistor, the ingredient, 
thickness, a configuration and magnitude, especially high impurity concentration, 
etc. will not be limited. For example, being formed of silicon oxide is appropriate 
for gate dielectric film, and, as for thickness, about 1-1 Onm is mentioned. Being 
formed of polish recon is appropriate for a gate electrode, and, as for thickness, 
about 70-500nm is mentioned. As for the source / drain field, about [1018- 
1020cm - ] three are mentioned for high impurity concentration. In addition, the 
sidewall spacer may be formed in the side attachment wall of a gate electrode of 
the insulator layer. Moreover, the source / drain field may equip the channel field 
side with the LDD field. 

[0019] It arranges to band-like [ to which the field which p mold impurity 
contained in high concentration rather than p mold impurity in p well, i.e., p mold 
high concentration impurity range, has the width of face of the fixed depth 
direction also in any of NMOS and a PMOS transistor in a channel field ]. Here, 
with a channel field, not only the field reversed when a transistor usually turns on 
but the field of the range which can generally control threshold voltage by 
channel impregnation is included. For example, as for the width of face of a 
channel field, the range of about 30nm is mentioned from the semi-conductor 
substrate front face under gate dielectric film. 

[0020] Although p mold high concentration impurity range changes with the 
property of CMOS which it is going to obtain, sizes, etc., it is desirable to arrange 
to the channel field by width of face of about at least 20nm. However, although 
the channel field may be overlapped in all the fields of the depth direction when 
full [ of the depth direction of p mold high concentration impurity range ] is more 
than this, a part of p mold high concentration impurity range may reach in gate 



dielectric film or a gate electrode. About 50-1 OOnm is suitable for full [ of the 
depth direction of p mold high concentration impurity range ]. The operating 
voltage of the NMOS transistor which it is going to obtain, a threshold, etc. can 
adjust suitably p mold high impurity concentration contained in p mold high 
concentration impurity range, for example, about [ 101 7-1 01 8cm - ] three are 
mentioned. Here, p mold high concentration impurity range means the width of 
face which contains about 50% of ion of a total injection rate focusing on the 
impregnation peak 1 of p mold impurity. For example, according to the Gaussian 
distribution function, 50% of all ion will exist within the limits of 0.675 times of 
single-sided deltaRp from a peak 1 . Since deltaRp is changed with the 
impregnation energy of an impurity etc., in boron, deltaRp=40nm and width of 
face are 54nm at the time of 40keV, and deltaRp=60nm and width of face are 
81 nm at the time of 70keV, for example. 

[0021] In addition, in the channel field of a PMOS transistor, though p mold high 
concentration impurity range arranges like the channel field of an NMOS 
transistor, n mold impurity contains in the amount exceeding p mold high impurity 
concentration, and the conductivity type of n mold is shown as a result. About 
[ 101 7-1 01 8cm - ] three are mentioned as concentration after n mold impurity 
here was offset with p mold impurity in p mold high concentration impurity range. 
[0022] Moreover, p mold high concentration impurity range may be arranged, 
respectively to the field including the boundary of not only the channel field of 
NMOS and a PMOS transistor but the source / drain field, and a well. Moreover, 
when the LDD field is formed, you may arrange, respectively to the field in a LDD 
field which boils a part or includes the boundary of a LDD field and a well. 
[0023] In the manufacture approach of the semiconductor device of this invention, 
p well and n well, gate dielectric film, and a gate electrode are first formed in 
NMOS on a semi-conductor substrate, and a PMOS transistor formation field in a 
process (a), respectively, p well and n well can form the resist mask which has 
opening on each field according to a well-known approach, for example, a 
photolithography, and an etching process, and can form it by carrying out the ion 



implantation of the impurity of p mold or n mold using this resist mask, 
respectively. Moreover, gate dielectric film and a gate electrode can be formed 
by forming membranes by the well-known approach and carrying out patterning 
in the field concerned. 

[0024] In addition, as for especially the rear stirrup that carried out the ion 
implantation of the n mold impurity for forming n well in a PMOS transistor 
formation field, it is desirable to introduce n mold impurity of the amount 
exceeding p mold high impurity concentration introduced into a semi-conductor 
substrate front face in p mold high concentration impurity range using the resist 
mask used in order to form n well before that. The high impurity concentration of 
the property of CMOS which it is going to obtain, operating voltage, size, and p 
mold high concentration impurity range etc. can adjust the ion implantation in this 
case suitably, for example, for example, the acceleration energy of about [ one to 
5x1 01 3cm - ] two douse and 120keV extent is mentioned in arsenic ion. 
[0025] Moreover, in forming a LDD field, after forming a gate electrode, it is 
desirable by using a gate electrode as a mask and carrying out the ion 
implantation of the impurity of p mold or n mold before a process (b), to form a 
sidewall spacer in the side attachment wall of a gate electrode by forming a LDD 
field, and forming and carrying out etchback of the insulator layer all over the 
semi-conductor substrate top containing a gate electrode after that. The ion 
implantation of LDD field formation can perform the acceleration energy of 5 - 
20keV extent, about [ 1x1 01 4-1 01 5cm - ] two douse, or BF2+ for example, for 
arsenic ion by the acceleration energy of 5 - 20keV extent, and about [ 1x1014- 
1015cm - ] two douse. 

[0026] Subsequently, in a process (b), it heat-treats to NMOS and a PMOS 
transistor formation field by carrying out the ion implantation of n mold or the p 
mold impurity by using a gate electrode (or a gate electrode and a sidewall 
spacer) as a mask, and the source / drain field is formed in them, respectively. 
Especially the conditions of an ion implantation here are not limited and the 
acceleration energy of 10 - 50keV extent and about [ 5x1014 to 5x1 01 5cm - ] two 



douse are mentioned [ ion / arsenic ] in the acceleration energy of 30 - 50keV 
extent, about [ 5x1014 to 5x1 01 5cm - ] two douse, or BF2+. heat treatment - 
lamp annealing, furnace annealing, and RTA - it can carry out by various 
approaches, such as law. For example, an about 1 000-1 100-degree C 
temperature requirement and a 5 - 20-second about room are mentioned by lamp 
annealing. 

[0027] In a process (c), it heat-treats by penetrating a gate electrode all over a 
semi-conductor substrate, and carrying out the ion implantation of the p mold 
impurity, and it forms in the channel field directly under a gate electrode so that 
the part or all may arrange band-like p mold high concentration impurity range 
where the width of face of the depth direction is fixed. An ion implantation here 
The thickness of a gate electrode, the depth of the source / drain field, An ion 
kind etc. can adjust suitably. For example, the impregnation peak depth of an ion 
implantation It can set up so that it may become within the limits in the upper half 
of the depth of the source / drain field from the lower half of a gate electrode. It is 
desirable to set up so that it may become near the boundary of gate dielectric 
film and a channel field front face. Furthermore, it is desirable to set up so that it 
may become near the boundary of the source / drain field, and a well, and it is 
more desirable to set up so that it may become directly under [ boundary ] the 
source / drain field, and a well. Specifically, carrying out the ion implantation of 
boron ion or BF2+ by the acceleration energy of 50 - 90keV extent and about 
[ 1x1 01 2-1 01 3cm - ] two douse is mentioned. Moreover, in consideration of the 
thickness of the above-mentioned gate dielectric film and a gate electrode, the 
high impurity concentration of the source / drain field, etc., the impregnation peak 
depth of an ion implantation can set it as about 100-300nm from another 
viewpoint. Moreover, heat treatment can be performed by the same approach as 
the above. By performing such an ion implantation and heat treatment, p mold 
high concentration impurity range can arrange the part or all to a channel field 
eventually. 

[0028] By the manufacture approach of the semiconductor device of this 



invention, the semiconductor device of this invention can be further completed 
after the process of a up Norikazu ream by combining the process in semi- 
conductor processes, such as washing of formation of an interlayer insulation film, 
formation of a contact hole, formation of a wiring layer, a semi-conductor 
substrate front face, or the obtained semi-conductor substrate front face, with 
arbitration. 

[0029] The semiconductor device and its manufacture approach of this invention 
are explained in detail based on a drawing below. 

[0030] The CMOS transistor 37 which is a semiconductor device in the gestalt of 
this operation consists of the NMOS transistors 2 and the PMOS transistors 3 
which were formed on the silicon substrate 4 which has the isolation insulator 
layer 1, as shown in drawing 1 . 

[0031] The gate electrode 10 is formed through gate dielectric film 9 on the p well 
5 by which the NMOS transistor 2 was formed in silicon substrate 4 front face, 
and the sidewall spacer 13 is formed in the side attachment wall of the gate 
electrode 10. Moreover, the channel field 7 is adjoined, the LDD field 1 1 is 
formed directly under sidewall spacer 13, the LDD field 11 is adjoined and the 
source / drain field 14 is formed. Moreover, it has fixed width of face (for example, 
about 80nm) in the depth direction, and band-like p mold high concentration 
impurity range 16 containing about [ 101 7-1 01 8cm - ] three boron ion is formed in 
the channel field 7. 

[0032] In addition, as shown in drawing 2 , as long as the part arranges p mold 
high concentration impurity range 16 to the channel field 7, it may be arranged in 
gate dielectric film 9 or the gate electrode 10. 

[0033] Moreover, the threshold voltage of the NMOS transistor 2 is controllable 
by adjusting the high impurity concentration of p mold high concentration impurity 
range 16. 

[0034] Gate dielectric film 9, the gate electrode 10, and the sidewall spacer 13 
are formed like the NMOS transistor 2 on the n well 6 formed in silicon substrate 
4 front face, the PMOS transistor 3 adjoins it to the channel field 8, and the LDD 



field 12, and the source / drain field 15 are formed. Moreover, p mold high 
concentration impurity range 16 is formed in the channel field 8 like the NMOS 
transistor 2. 

[0035] In addition, since the channel field 8 of the PMOS transistor 3 is 
introduced by the concentration whose arsenic ion is about [ 101 7-1 01 8cm - ] 
three, the conductivity type of p mold high concentration impurity 16 is offset. 
Moreover, in the source / drain field 15 of the PMOS transistor 3, since it is 
located directly under the source / drain field 15, and punch-through proof- 
pressure degradation of the PMOS transistor 3 is prevented and new junction is 
not formed in the bottom of the source / drain field 15, p mold high concentration 
impurity range 16 can keep substrate potential proper. 

[0036] Such a semiconductor device can be formed by the following approaches. 
[0037] First, as shown in drawing 3 (a), the isolation insulator layer 1 is formed in 
the p type silicon substrate 4, and it separates into the NMOS transistor 
formation field 17 and the PMOS transistor formation field 18. Subsequently, 
silicon oxide 19 is formed as an impregnation protective coat all over silicon 
substrate 4. 

[0038] Then, as shown in drawing 3 (b), the resist mask 20 which covers the 
PMOS transistor formation field 18 is formed, boron ion is poured into the NMOS 
transistor formation field 17 as a p mold impurity, and the p well 5 is formed in it. 
[0039] Similarly, as shown in drawing 4 (c), phosphorus ion is poured into the 
PMOS transistor formation field 18 as an n mold impurity, and the n well 6 is 
formed. 

[0040] Subsequently, arsenic ion is poured in by about [ 1013cm - ] two douse, 
and the channel field 8 is formed. 

[0041] Then, after carrying out wet etching of the silicon oxide 19, as shown in 
drawing 4 (d), gate dielectric film 9 of about 3.4nm of thickness and the polish 
recon film 22 of about 150nm of thickness are formed all over silicon substrate 4. 
[0042] Subsequently, as shown in drawing 5 (e), patterning of gate dielectric film 
9 and the polish recon film 22 is carried out, and the gate electrode 10 is formed. 



[0043] Then, as shown in drawing 5 (f), the resist mask 23 which covers the 
PMOS transistor formation field 18 is formed, arsenic ion is poured into the 
NMOS transistor formation field 17 by the acceleration energy of 10keV, and 
5x1014cm-2 as an n mold impurity, and the LDD field 1 1 is formed in silicon 
substrate 4 front face. 

[0044] Then, as shown in drawing 6 (g), the resist mask 24 which covers the 
NMOS transistor formation field 17 is formed, BF2+ is poured into the PMOS 
transistor formation field 18 by the acceleration energy of 10keV, and 
1.2x1 01 4cm-2 as a p mold impurity, and the LDD field 12 is formed in silicon 
substrate 4 front face. 

[0045] Subsequently, by forming and carrying out etchback of the silicon nitride 
all over silicon substrate 4, as shown in drawing 6 (h), the sidewall spacer 13 is 
formed in the side attachment wall of the gate electrode 10. 
[0046] Then, as shown in drawing 7 (i), the resist mask 25 which covers the 
PMOS transistor formation field 18 is formed, arsenic ion is poured into the 
NMOS transistor formation field 17 by the acceleration energy of 50keV, and 
douse of 3x1015cm-2 as an n mold impurity, and the source / drain field 14 is 
formed in silicon substrate 4 front face. 

[0047] Similarly, as shown in drawing 7 (j), the resist mask 26 which covers the 
NMOS transistor formation field 17 is formed, BF2+ is poured into the PMOS 
transistor formation field 18 by the acceleration energy of 30keV, and 2x1 01 5cm- 
2 as a p mold impurity, and the source / drain field 15 is formed in silicon 
substrate 4 front face. In addition, in this phase, the source / drain fields 14 and 
15 are still inactive electrically, and many point defects exist around it. 
[0048] Next, lamp heating for 10 seconds performs activation annealing, for 
example at 1050 degrees C. Thereby, a point defect is extinguished while the 
source / drain fields 14 and 15 are activated. 

[0049] Then, as shown in drawing 8 (k), a gate electrode is made to penetrate 
boron ion by the acceleration energy of 70keV, and about [ 101 2-1 01 3cm - ] two 
douse, an ion implantation is carried out to a silicon substrate 4 all front face, and 



p mold high concentration impurity range 16 is formed. At this time, the peak 
depth of the ion implantation in the field in which the gate electrode 10 was 
formed is set up so that it may come within the limits of the one half of the depth 
of the source / drain fields 14 and 15 from gate electrode 10 lower part, and it is 
set up so that all or some of the depth direction of p mold high concentration 
impurity range 16 may arrange in the channel field 7 and 8. In addition, the peak 
depth of the ion implantation in the source / drain fields 14 and 15 is set up so 
that it may come the source / drain field 14, and directly under 15. That is, the 
peak depth of an ion implantation is adjusted according to the thickness of a gate 
electrode, and the depth of the source / drain field. 

[0050] Then, like the above, activation annealing is performed again and p mold 
high concentration impurity range 16 is activated. Since the point defect is 
already extinguished by the 1st heat treatment at this time, the enhanced 
diffusion of boron ion does not happen. 

[0051] With the NMOS transistor in the CMOS transistor created by the 
manufacture approach of the above semiconductor devices, as shown in drawing 
9 , rapid lifting of the boron concentration on a front face of a substrate which is 
seen with a conventional method is not seen, but distribution of the boron ion of 
the depth direction in the field in which the gate electrode 10 was formed shows 
that enhanced diffusion has not occurred. 

[0052] Moreover, the amount of threshold voltage variation of such an NMOS 
transistor (degree of the reverse channel effect) is shown in drawing 10 . In such 
an NMOS transistor, since enhanced diffusion has not occurred, even when 
channel length is short, it turns out like a conventional method that threshold 
lifting is not seen but the reverse short channel effect is fully controlled. 
[0053] Furthermore, the gate dependency of the punch-through pressure- 
proofing in the PMOS transistor in the CMOS transistor created by the 
manufacture approach of the above semiconductor devices is shown in drawing 

m 

11 . In addition, gate voltage is defined as punch-through pressure-proofing here 
on a drain electrical potential difference in case the drain current Id of ImicroA 



flows by OV (Vgs=Vbs=Vs=OV). In this example, 1.8V are used as supply voltage. 
[0054] According to drawing 1 1 , with such a PMOS transistor, even if it 
compares with a conventional method, pressure-proof degradation is not seen. 
[0055] Moreover, such a substrate bias voltage dependency of the threshold 
voltage of a PMOS transistor is shown in drawing 12 . It was defined as the 
substrate bias voltage dependency here in the amount of fluctuation of the triode 
threshold voltage when fluctuating a substrate electrical potential difference, 
Vds=0.05V, Vs=0V, and Vbs were fluctuated, and threshold voltage was read by 
extrapolation of the tangent of the Vg-ld curve at the time of GmMax. 
[0056] According to drawing 12 , with such a PMOS transistor, even if it 
compares with a conventional method, a difference is not seen. 
[0057] NMOS in the CMOS transistor created by the manufacture approach of 
the above semiconductor devices and the junction diode property in a PMOS 
transistor are shown in drawing 13 . A junction diode property here is an l-V 
property at the time of impressing a reverse bias in a PN junction, and the upper 
limit is prepared in the upper limit and the intrinsic breakdown voltage of the 
amount of currents (the amount of leakage currents) at the time of operating 
voltage (1.8V). The reverse bias of 0-1 0V was impressed to substrate potential 
Vbs=0V to immobilization, and the source / drain field, and the l-V curve was 
obtained. 

[0058] According to drawing 13 , proper pressure-proofing is obtained also in 
which transistor. Even if it pierces through a gate electrode and pours in the 
boron ion for threshold control of an NMOS transistor completely like a 
conventional method, without carrying out the mask of the PMOS transistor field, 
a proper property can be acquired with a PMOS transistor by adjusting the 

■ 

impregnation peak depth. 
[0059] 

[Effect of the Invention] According to this invention, to the channel field of NMOS 
and a PMOS transistor Since n mold impurity of the amount which band-like p 
mold high concentration impurity range where the width of face of the depth 



direction is fixed arranges, and exceeds p mold high impurity concentration of 
said p mold high concentration impurity range to the channel field of said PMOS 
transistor exists, While being able to prevent the shift of the threshold by the 
reverse short channel effect of an NMOS transistor, minimizing a 
photolithography process, in a PMOS transistor, good punch-through pressure- 
proofing is maintainable. 

[0060] Moreover, it becomes possible to control well potential appropriately, 
without forming new junction in it under the source / drain field in a PMOS 
transistor, especially when p mold high concentration impurity range arranges to 
a field including the boundary of a field including the boundary of the source / 
drain field of an NMOS transistor, and p well and the source / drain field of a 
PMOS transistor, and n well, respectively. 

[0061] Furthermore, since according to this invention heat treatment for activation 
is perform and it heat-treats by penetrate a gate electrode all over a semi- 
conductor substrate top, and carry out the ion implantation of the p mold impurity 
after that after carry out the ion implantation for the source / drain field formation, 
the shift of the threshold by the reverse short channel effect by the enhanced 

4 

diffusion in an NMOS transistor can be effectively prevent by the simple 
approach, without add a photolithography process. Therefore, the cutback of a 
manufacturing cost and degradation of the property of a CMOS transistor can be 
prevented, and improvement in the yield can be realized. 
[0062] When it comes to within the limits in the upper half of the depth of the 
source / drain field, the impregnation peak depth in the ion implantation in a 
process (c) from the lower half of a gate electrode especially both In setting up so 
that it may become directly under [ boundary ] the source / drain field, and a well 
In a PMOS transistor, formation of a new PN junction is avoidable, and while 
becoming possible to control well potential appropriately easily, degradation of 
punch-through pressure-proofing is avoidable. 

[0063] Moreover, immediately after, when introducing n mold impurity of the 
amount which exceeds p mold high impurity concentration introduced into p mold 



high concentration impurity range on a semi-conductor substrate front face, the 
direct front stirrup of n well formation of a process (a) can offset high- 
concentration p mold impurity certainly, and becomes possible [ controlling the 
threshold voltage of a PMOS transistor easily ]. 
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DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] It is the outline sectional view of the important section of the 
semiconductor device of this invention. 

[Drawing 2] It is the outline sectional view of the important section of another 
semiconductor device of this invention. 

[Drawing 3] It is outline cross-section process drawing of the important section for 
explaining the manufacture approach of the semiconductor device of this 
invention. 

[Drawing 4] It is outline cross-section process drawing of the important section for 
explaining the manufacture approach of the semiconductor device of this 
invention. 

[Drawing 5] It is outline cross-section process drawing of the important section for 



explaining the manufacture approach of the semiconductor device of this 
invention. 

[Drawing 6] It is outline cross-section process drawing of the important section for 
explaining the manufacture approach of the semiconductor device of this 
invention. 

[Drawing 7] It is outline cross-section process drawing of the important section for 
explaining the manufacture approach of the semiconductor device of this 
invention. 

[Drawing 8] It is outline cross-section process drawing of the important section for 
explaining the manufacture approach of the semiconductor device of this 
invention. 

[Drawing 9] It is drawing which carried out the simulation of the distribution of the 
depth direction of the boron ion of the gate electrode section of the NMOS 
transistor in the semiconductor device of this invention. 

[Drawing 10] It is property drawing showing fluctuation of the threshold voltage of 
the NMOS transistor in the semiconductor device of this invention. 
[Drawing 1 1] It is property drawing showing the gate length dependency of 
punch-through pressure-proofing of the PMOS transistor in the semiconductor 
device of this invention. 

[Drawing 12] It is property drawing showing the substrate bias voltage 
dependency of the threshold voltage of the PMOS transistor in the 
semiconductor device of this invention. 

[Drawing 13] It is drawing showing the junction diode property of NMOS in the 

semiconductor device of this invention, and a PMOS transistor. 

[Drawing 14] It is the outline sectional view of the CMOS transistor for explaining 

the manufacture approach of the conventional CMOS transistor. 

[Drawing 15] It is the outline sectional view of an important section showing the 

configuration of the conventional CMOS transistor. 

[Description of Notations] 

1 Isolation Insulator Layer 



2 NMOS Transistor 

3 PMOS Transistor 

4 Silicon Substrate 

5 P Well 

6 N Well 

7 Eight Channel field 

9 Gate Dielectric Film 

1 0 Gate Electrode 

11 12 LDD field 

13 Sidewall Spacer 

14 15 The source / drain field 

16 P Mold High Concentration Impurity Range 

17 NMOS Transistor Formation Field 

18 PMOS Transistor Formation Field 

19 Silicon Oxide 

20, 21, 23, 24, 25, 26 Resist mask 
22 Polish Recon Film 
37 CMOS Transistor 
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[Drawing 5] 
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[Drawing 10] 
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[Drawing 12] 



0 ' 1 1 1 1 - i 1 1 ' 1 1 • • ■ ■ 1 ■ • ■ i i i i > i ■ ■ ' i ; 

"0.5 0 0.5 1 1.5 2 2.5 



lffi/W7^ (volt) 



[Drawing 13] 




[Translation done.] 



